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@ Process for alkylating aromatic compoundds. 

<§) Aromatfcs are alkylated with C 2+ alkyl grooups using as al- 
kylating agents mixtures of hydrogen/hydroggen precursors 
and carbon oxide, preferably syngas, over cattalysts compris- 
ing a zeolite of Constraint Index not above 12 annd a metal com- 
ponent selected from Fe, Co, Ru, Mn, Rh and! Os. The alkyla- 
tion products can be dealkylated to produce (olefins and aro- 
matics. 
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PROCESS FDR ALKYLATING AROMATIC COMPOUNDS 

This invention rrelates to the alkylation of aromatic 
compounds. 

The alkylation of aromatic hydrocarbons utilizing 
crystalline aluminosilicatte catalysts has already been described. 
U.S. Patent 3,251,897 for* example, describes the alkylation of 
aromatic hydrocarbons in 1the presence of X- or Y-type crystalline 
aluminosilicate zeolites, specifically those in which the cation iis 
rare earth and/or hydrogenn. U.S. Patents 3,751,504 and 3,751,506 
describe the vapor phase salkylation of aromatic hydrocarbons with 
olefins, for example of beenzene with ethylene, in the presence of a 
ZSM-5 type zeolite catalyjst. 

Processes for thee catalytic methylation of aromatic 
hydrocarbons, for example; of toluene to provide a mixture of xyleme 
isomers, employing hydrogen and carbon monoxide as the methylatingg 
agent are described in U.<S. Patents 3,718,704 and 4,086,289, Due to 
the nature of the catalyslts used in those processes, namely a 
mixture of certain metal (oxides such as zinc oxide and chromia (ziinc 
chromite) and zinc chromitte mixed with an alkali metal-exchanged- 
molecular sieve containing an excess of alkali metal carbonate, 
respectively, those procejsses are incapable of incorporating alky 11 
groups other than methyl cgroups into the aromatic ring. 

The present inverntion is based on the observation that 
alkyl side chains having 1two or more carbon atoms can be 
incorporated into aromaticc compounds using hydrogen/hydrogen 
precursor and carbon oxidee mixtures as the alkylating agent over 
certain heterogeneous catsalysts, without substantial amounts of 
methyl aromatics being prcoduced simultaneously. Such a process haas 
the most distinct advantage that the resulting C 2 + alkylaromatics 
can be used for olefin production by subjecting them to dealkylatiLon. 

According to the present invention, there is provided a 
process for alkylating an aromatic compound which comprises reactiLng 
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at least one aromattic compound having at least one hydrogem atom 
directly bonded toi the aromatic nucleus with an alkylating agent 
comprising a mixture of hydrogen and/or a hydrogen-containiing 
substance which prcovides hydrogen under the process conditions, and 
a carbon oxide, at. an elevated temperature in the presence of a 
catalyst comprising a metal or metal-containing component sselected 
from iron, cobalt, rutheniun, manganese, rhodium and osmium, and a 
zeolite having a Constraint Index of not more than 12, and 
recovering a product comprising an aromatic compound having at least 
one more alkyl grouup of at least two carbon atoms than the starting 
aromatic compound. 

In addititon to providing an economical one-step sy/nthesis 
for the production) of industrially important C 2 + alkyl aronmatics, 
the alkylation proccess of the invention also offers a practtical and 
efficient first steep in the production of olefins which may/ be 
obtained by dealky/lation of the product alkyl aromatics employing 
known and conventional methods. The dealkylated aromatics may then 
be recycled to the; alkylation reaction for conversion to further 
quantities of alky:l aromatics. These reactions, alkylatiom and % " 
dealkylation, can I be illustrated for the preferred alkylating agent, 
synthesis gas or ",'syngas" which is a gaseous mixture containing 
hydrogen and carbom monoxide obtained from the gasificatiom of 
carbonaceous materials such as coal or natural gas, as follows (Ar 
is aryl and n = 2 ito about 22): 



ArH + 2nH 0 + nOO 
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or 

ArH + nHg + 2nC0 alkylalti y ArC^^ + nC0 2 

ArC H- . dealkylatlon 

n 2n+i ? n 2n 

With recycle o>f the de alkylated aromatic compound, it cann 
be seen from the above 1that the net reaction providing olefin 
consumes only syngas as; indicated by 

2nH2 + mCO > C n^n + r *2 0 

or 

nH 2 + 2mC0 > C xp2n + nC0 2 

While it is knoown that syngas can be converted directly 
into light olefins in a relatively high yield employing a variety of 
catalyst compositions, ssuch syntheses have been impractical or 
uneconomical due to protblems associated with inadequate catalyst 
stability. The catalystts employed in the alkylation process of tltie 
present invention not omly possess high levels of activity, but tttey 
also possess a degree off stability which far exceeds that of 
catalysts previously proposed for the direct conversion of syngas to 
light olefins. 

The term "aromaatic" is used herein in accordance with its 
recognized meaning in tttie art and includes substituted and 
unsubstituted mono- and polynuclear aromatic compounds. Compaundss 
of an aromatic character which possess a hetero atom are also usefPul 
provided they do not actt as catalyst poisons. For example, 
thiophene can be alkylatted in accordance with the process of this 
invention but pyridine, which is basic in character, would 
ordinarily not be considlered a useful starting material due to its; 
adverse effect on the caatalysts used in the process, all of which 
are acidic in nature. 
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Substitiuted aromatic compounds which can be alkylated must 
possess at least oane hydrogen atom directly bonded to the arromatic 
nucleus. With thiis proviso, the aromatic rings can be substituted 
with one or more ttialogen atoms and/or alkyl, aryl, alkaryl, hydroxy, 
alkoxy, aryloxy, cycloelkyl and/or other groups which do nott 
interfere with the alkylation reaction. 

Suitable aromatic hydrocarbons include benzene whiich is 
preferred, especiaally where the sole function of the aromatiic 
compound is to seirve as a temporary trapping device for alky/1 groins 
in an overall syntthesis for light olefins as described above; as 
well as naphthaleme, anthracene, naphthacene, chrysene, pyrene, 
triphenylene, penttacene, picene, perylene, coronene and phemanthrene. 

Generally/ , the alkyl groups which may be present ass 
substituents on tftie aromatic compoind contain from one to 222 carbon 
atoms and preferatbly from one to eight carbon atoms, most pxreferably 
from one to four carbon atoms. 

Suitable alkyl substituted aromatic compounds therefore 
include toluene; xtylene; isopropylbenzene; normal propylbenzzene; 
alpha-methyln^)htmalene ; ethylbenzene; cumene; mesitylene; dJurene; 
p-cymene; butylbemzene; pseudocumene; o-diethy lbenzene ; 
m-diethylbenzene; p-diethy lbenzene; isoamy lbenzene; isohexylU 
benzene; pentaethyylbenzene; pentamethylbenzene; 
1,2,3,4-tetraethyllbenzene; 1,2,3,5-tetramethylbenzene; 
1,2,4-triethylbenzzene; 1,2,3-trimethylbenzene; m-butyltolueme; 
p-butyltoluene; 3,,5-diethyltoluene; o-ethyltoluene; p-ethylttoluene; 
m-propyltoluene; *-ethyl-m-xylene; dimethylnaphthalenes; 
ethylnephthalenes;; 2 , 3-dimethylant hracene ; 9-ethylanthracene; 
2-methy lanthra:ene ; o-methylanthracene; 9 , 10-dimet hy lphenantthrene ; 
and 3-methyl-phensanthrene. Higher molecular weight alkylarcomatic 
hydrocarbons may also be used as starting materials and incllude 
aromatic hydrocartoons such as are produced by the alkylatiom of 
aromatic hydrocartoons with olefin polymers. Such products aare 
frequently referred to in the art as alkylate, and include 
texylbenzene, nonjylbenzene, dodecy lbenzene, pentadecylbenzeme, 
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hexyltoluene, nonyltoJIuene, dodecyltoluene and pentadecyltoluenee. 
Very often alkylate iss obtained as a high boiling fraction in wfhich 
the alkyl group attacfhed to the aromatic nucleus varies in size: from 
about C fi to about C 12 <. 

Hydroxy substituted aromatic compounds will generally tbe 
the hydroxybenzenes, Hiydroxynaphthalenes and bis-phenols. Usefuil 
hydroxy-substituted aromatic compounds include phenol, o-cresol„ 
m-cresol, p-cresol, catechol, resorcinol, hydroquinone, pyrogalHol, 
alpha-naphthol, alpha— ant hrol, and methylaniline and bisphenol-m. 

Suitable halco-substituted aromatic compounds include 
chlorobenzene, o-dichlLorobenzene, p-dichlorobenzene, bromobenzeme, 
o-dib romobenzene , and p-dibromobenzene. 

Suitable aronratic compounds substituted with aryl or 
alkaryl groups include; diphenyl, triphenyl, diphenylroethane, 
triphenylmethane, dinapphthyl and stilbene. 

Suitable alkmxy or aryloxy group-substituted compounds 
include anisole and phnenetole. 

Suitable cyclioalkyl group-substituted compounds includes 
phenylcyclohexane. 

Suitable aromaatic compounds carrying at least two diffejrent 
substituents include o*-, m-, and p-chlorophenol, 2,5-dichlorophemol, 
thymol, m-ethylphenol, p-t-butylphenol, o-phenylphenol, 
p-phenylphenol, guaiaccol, eugenol and isoeugenol. 

Other aromatitc compounds suitable for use in the processs of 
this invention include! phenyl acetate, indene and fluorene- 

Some suitable! aromatic compounds possessing hetero atomss 
include thiophene, furtan, and quinoline. 

The alkylating agent which is used in the process of thiis 
invention is a mixture- of hydrogen and/or a hydrogen-containing 
substance which providees hydrogen under the process conditions, and 
a carbon oxide, that iss carbon monoxide and/or carbon dioxide. 
Gaseous mixtures of hyodrogen and carbon monoxide, of hydrogen ancd 
carbon dioxide and of hhydrogen, carbon monoxide and carton dioxide, 
which may be obtained ffrom the gasification of a fossil fuel suctti as 
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coal or natural gsas and, when derived in this manner, are 
collectively referred to as synthesis gas or "syngas", are preferred 
alkylating agents in the process of the invention. 

A typical! , purified synthesis gas will have the 
conposition, on a water-free basis, in volume percentages, aas 
follows: hydrogern, 51; carbon monoxide, 40; carbon dioxide,, 4; 
methane, 1; and nlitrogen, 4. 

The syntthesis gas may be prepared from fossil fuels by any 
known method, incUuding in situ gasification processes, for example 
the underground psartial combustion of coal and petroleum deposits . 
The term fossil fCuels is intended to include anthracite and 
bituminous coal, Jlignite, crude petroleum, shale oil, oil firom tar 
sands, natural gaas, as well as fuels derived from simple physical 
separations or moire profound transformations of these materiials, 
including coked ccoal, petroleum coke, gas oil, residua fromi 
petroleum distinction, and any two or more of the above matterials 
in combination. (Other carbonaceous fuels such as peat, wooed and 
cellulosic waste materials also may be used. 

Although* various processes may be employed for the: 
gasification, thosse of major importance depend either on thee partial 
confcustion of the* fuel with an oxygen-containing gas or on tthe high 
tenperature reaction of the fuel with steam, or on a combination of 
these two reactioons. 

The raw* synthesis gas produced from fossil fuels twill 
contain, various iLmpurities such as particulates, sulfur compounds, 
and metal carbony/1 compounds, and will generally be characterized by 
a hydrogen-to-cartbon oxides ratio which depends on the fosssil fuel 
and the particular gasification technology utilized. In geeneral, it 
is desirable for the efficiency of subsequent conversion steeps to 
purify the raw sy^nthesis gas by the removal of impurities. 
Techniques for such purification are well known. 

Mixtures of carbon monoxide and a hydrogen-contaiining 
substance such ass water which react under the conditions of? the 
alkylation reactiion to provide hydrogen, can also be used. 
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The volume raatio of hydrogen to carbon oxide in the 
alkylating agent is noot critical and can vary widely. In generaal, 
however, it is preferired to adjust the hydrogen-to-carbon monoxiide 
volume ratio to be witthin the range of from 0.2 to 10 and 
particularly in the raange of from 0.« to 3, upon contact with thne 
catalyst. Should the alkylating agent be excessively rich in caarbon 
oxides, its composition may be brought within the preferred rangje by 
the well known water-ggas shift reaction. Purified synthesis gass 
having or adjusted to contain the desired volume ratio of 
hydrogen-to-carbon momoxide within the range of from 0.2 to 10 will 
be referred to as adjiusted synthesis gas. 

The heterogemeous catalyst of this invention comprises a 
metal or metal-cont aiming component selected from iron, cobalt, 
ruthenium, manganese, rhodium and osmium, and a zeolite having aa 
Constraint Index of 122 or less. Iron, cobalt and ruthenium are 
preferred, iron and ccaablt for their relatively low cost and 
rutheniun, while expemsive, for its comparatively high level of 
activity. 

The weight raatio of metal, calculated upon the basis ofP the 
metal in its free, uncsombined state, to zeolite can range from QD.3 
to 3. In the case of the more active metals such as ruthenium, this 
ratio can vary from 0..001 to 1 and preferably from 0.003 to 0.1.. 
Ths catalyst can be ussed in the form of a loose mixture or as 
pellets or an extrudatte. 

* The metal or metal-containing component can be incarporrated 
by a variety of methodUs. For example: 

(1) The metaal or metal-containing component, preferablLy 
the oxide, is simply mnixed or ground together with the zeolite. 

(2) The metal in the form of a compound dissolved in aa 
suitable solvent is impregnated onto an inert support such as 
activated carbon, sililca, alumina, titania, magnesia, zirconia oar a 
clay, and following caalcination to the oxide, the si^ported metaal 
oxide is mixed with tire zeolite. 
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(3) A ssolution of a compound of the metal in a suitable 
solvent is impregnated directly onto the zeolite followed toy 
calcination of thie compound to the oxide. 

(4) Thej metal or metal-containing component is 
incorporated onto3 the zeolite during the crystallization steep of 
manufacturing the zeolite. 

(5) Thes metal or metal-containing component is 
incorporated onto) the zeolite by an ion exchange process. 

(6) The» metal or metal-containing component present as an 
intercalate in grraphite is mixed with the zeolite. 

When a mnetal compound other than an oxide is used,, the 
compound can be converted to the oxide by any of the conventional 
techniques of thermal decomposition (calcination) whose openrational 
parameters are well known. 

For the impregnation step employed in methods (2) and (3), 
there may be usedd metal salts and other compounds, for examnple 
halides, nitrates, oxalates, carbonates, acetates and 
acetylacet onates Aqueous or non-aqueous solvents, for exaample 
methanol, acetone, chloroform, hexane and benzene, can be eused 
depending on the solubility of the metal compound selected.. 

After impregnation, the catalyst is vacuum dried sat 100°C 
and then reduced at a temperature ranging from 150°C to 6OC0°C, and 
preferably from 2Z50°C to 500°C, with a reducing gas such ass hydrogen 
or a hydrogen-comtaining gas such as an f^/CO mixture, to activate 
the catalyst. Aestivation can be carried out under pressure. 
However, when an H^/CO mixture is used, low pressure such aas 
atmospheric pressure is preferred. The optimum time and temperature 
to accomplish acttivation depends on the particular compound^ used and 
can be determinecd experimentally for a given metal compounds 
employing routine experimentation. It is, of course, equaHly 
possible to effecct activation in situ in the altylation zome. 

The catsalysts can also be combined with one or moire 
promoters, this tbeing especially desirable when iron and/oir cobalt 
are present. Suitable promoters include such metal and 
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metal-containing componeents as the alkali metals, particularly 
potassium, the alkaline earth metals, and copper, the compounds otT 
these metals, particularly the carbonates, and their mixtures* 
Typically, the promoter's are added in fairly small quantities, fore 
example up to 5X by weight of the metal component of the non- 
promoted catalyst* 

The zeolites ussed in the catalysts are natural or synthettic 
porous tectosilicates characterized by a rigid crystalline framework 
structure composed of am assembly of silicon atoms and at least a 
trace amount of a tri valient metal atom, preferably aluminum, but 
which can also be iron, boron, gallium or chromium for example, oir 
mixtures thereof, the siilicon atoms and trivalent metal atoms eaclti 
being surrounded by a tetrahedron of shared oxygen atoms, and havilng 
a precisely defined pores structure. Exchangeable cations are . 
present in the pores. 

The preferred zreolites are selected from the natural and 
synthetic crystalline alLuninosilicates. These zeolites are capablLe 
of inducing profound trainsformations of aliphatic hydrocarbons to 
aromatic hydrocarbons im commercially desirable yields and are 
generally highly effectiive in alkylation, isomerization, 
dlsproportionation and oither reactions involving aromatic 
hydrocarbons. Although tthey have unusually low alumina contents, 
i.e., high silica to alunmina ratios, they are very active even witth 
silica to alumina ratios; exceeding 30 and exhibit activity even wiith 
very high silica to alumiina ratios, for example 10,000 and even 
higher. This activity lis surprising since catalytic activity of 
zeolites is generally attributed to framework aluminum atoms and 
cations associated with ithese aluminum atoms. These zeolites retaiin 
their crystallinity for ]long periods in spite of the presence of 
steam even at high tempeiratures which induce irreversible collapse 
of the crystal framework of other zeolites, for example of the X arnd 
A type. Furthermore, cairbonaceous deposits, when formed, may be 
removed by burning at higher than usual temperatures to restore 
activity. In many environments the zeolites of this class exhibit 
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ve ry low coke fornning capability, conducive to very long tiunes on 
stream between banning regenerations. 

An imporrtant characteristic of the crystal structure of 
this class of zeoilites is that it provides constrained accesss to, 
and egress from, the intra-crystalline free space by virtue; of 
having a pore dimension greater than about 5 Angstroms and ipore 
windows of about a size such as would be provided by 10-memhbered 
rings of oxygen aitoms. It is to be understood, of course, ithat 
these rings are tthose formed by the regular disposition of It he 
tetrahedra makingj up the anionic framework of the crystalline 
aluminosilicate, 'the oxygen atoms themselves being bonded tto the 
silicon or aluminium atoms at the centers of the tetrahedra. 
Briefly, the preferred zeolites useful in this invention poassess, in 
combination: a ssilica to alumina ratio of at least about 112; and a 
structure providing constrained access to the crystalline ffree space. 

The silitca to alumina ratio referred to may be determined 
by conventional amalysis. This ratio is meant to represent,, as 
closely as possibile, the ratio in the rigid anionic framework of the 
zeolite crystal annd to exclude aluminum in the binder or int cationic 
or other form witthin the channels. Although zeolites with *a silica 
to alumina ratio <of at least 12 are useful, it is preferred I to use 
zeolites having hiigher ratios of at least about 30. Such zceolites, 
after activation, acquire an intracrystalline sorption capacity for 
normal hexane whicch is greater than that for water, i.e., tthey 
exhibit "hydrophobic" properties. It is believed that this 
hydrophobic character is advantageous in the present inventiion. 

The zeoliites useful as catalysts in this invention freely 
sorb normal hexanee and have a pore dimension greater than atbout 5 
Angstroms. In acddition, their structure must provide 
constrained accesss to some larger molecules. It is sometimees 
possible to judge > from a known crystal structure whether succh 
constrained accesss exists. For example, if the only pore wiindows in 
a crystal are fortmed by 8-membered rings of oxygen atoms, tttien 
access by molecultes of larger cross-section than normal hexane is 
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substantially excluded and the zeolite is not of the desired type. 
Zeolites with windows of iCO-membered rings are preferred, although 
excessive puckering or poree blockage may render these zeolites 
substantially ineffective. 

Rather than attempt to judge from crystal structure whether 
or not a zeolite possesses the necessary constrained access , a 
simple determination of thee "Constraint Index" may be made by 
continuously passing a mixtture of equal weight of normal hexane and 
3-methylpentane over a smaUl sample, approximately 1 gram or less, 
of zeolite at atmospheric pressure according to the following 
procedure. "A sample of the zeolite, in the form of pellets or 
extrudate, is crushed to a particle size about that of coarse sand 
and mounted in a glass tubes. Prior to testing, the zeolite is 
treated with a stream of aiir at 538°C for at least 15 minutes. The 
zeolite is then flushed witth heliun and the temperature adjusted to 
between 288°C and 51D°C to give an overall 1 conversion between 10K 
and 60K. The mixture of hydrocarbons is passed at 1 liquid hourly 
space velocity (1 volume off liquid hydrocarbon per volume of 
catalyst per hour) over the zeolite with a heliun dilution to give a 
helium to total hydrocarbons mole ratio of 4:1. After 20 minutes on 
stream, a sample of the efffluent is taken and analyzed, most 
conveniently by gas chromatography , to determine the fraction 
remaining unchanged for eac:h of the two hydrocarbons. 

. The "constraint index" is calculated as follows: 
10910 (^taction of rvhexane remaining) 

Constraint Index = 

1°910 (fraction of 3-methylpentane 
rremaining) 

The Constraint Inddex approximates the ratio of the cracking 
rate constants for the two ! hydrocarbons. Catalysts suitable for the 
present invention are those* which employ a zeolite having a 
Constraint Index of 12.0 orr less. Constraint Index (CI) values for 
some typical zeolites incluuded within the scope of this invention 
are: 
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zeolite 



C.I. 



ZSM-5 

ZSM-11 

ZSM-35 



8.3 
8.7 
6.0 
3.7 
2.0 
2 



TMA Offretite 



ZSM-38 
ZSM-12 
Beta 



0.6 
0.5 
0.5 
0,4 



ZSM-4 

Acid Mordenite 
REY 



ZeoUites with a Constraint Index greater than 
12 such as exrionite (CI=38) are not useful for the purposes of this 
invention. Hn the practice of the present invention, zeolites 
having Const iraint Index values above about 2 up to the maximum value 
of 12 are preferred for the production of alkylated an»matics in 
which the alk<yl side changes are of relatively short leangth, for 
example from 2 to about 8 carbon atoms, and zeolites haaving 
Constraint InxJex values of 2 and less are preferred for: the . 
production off alkylated aromatics possessing relatively^ long side 
chains, for esxample from about 9 to about 22 carbon atooms. Thus, 
for example, . zeolites such as those of the ZSM-5, ZSM-1.1 and ZSM-35 
type are preferred for making short alkyl chain aromatiics and those 
of the ZSM-4,, ZSM-12 and ZSM-38 type are preferred for r making long 
alkyl chain airomatics. 

The (Constraint Index is an important, and eveni critical, 
definition of those zeolites which are useful to cataly;ze the 
instant proceess. The very nature of this parameter and! the recited 
technique by which it is determined, however, admit of fthe 
possibility tthat a given zeolite can be tested under sonmewhat 
different conoditions and thereby have different Constraint Indexes. 
Constraint Inodex seems to vary somewhat with severity off operation , 
(conversion). Therefore, it will be appreciated that itt may be 
possible to sco select test conditions to establish multiiple 
Constraint Incdexes for a particular given zeolite which may be both 
inside and outtside the above defined range of 12 and lesss. 
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Thus, it should toe understood that the parameter and 
property "Constraint Indejoc* 1 as such value is used herein is an 
inclusive rather than an exclusive value. That is, a zeolite when 
tested by any combination of conditions within the testing 
definition set forth hereiin above to have a Constraint Index of 12 
and less is intended to bee included in the definition regardless 
that the same zeolite testted under other conditions may give- a 
Constraint Index value abcove 12. 

The preferred zecolites for the purposes of the invention 
are ZSM-5, ZSM-11, ZSM-12,, ZSM-21, and other similar materials. 
ZSM-5 is especially preferred. 

ZSM-5 is described in U.S. Patent 3,702,886; ZSM-11 is 
described in U.S. Patent 3,709,979; and ZSM-12 is described in U.S. 
Patent 3,832,449. 

Evidence has beem adduced which suggests that ZSM-21 may bee 
composed of at least two (different zeolites designated ZSM-35 and 
ZSM-38, one or both of whiich are the effective material insofar as 
the catalysis of this inveention is concerned. ZSM-35 is described 
in U.S. Patent 4,016,245 tand ZSM-38 is described in U.S. Patent 
4,046,859. 

The specific zeoJlites described, when prepared in the 
presence of organic catiorns, are substantially catalytically 
inactive, possibly becausie the intracrystalline free space is 
occupied by organic catiorns from the forming solution. They may be 
activated by heating in aim inert atmosphere at 538°C for one hour, 
for example, followed by Ibase exchange with ammonium salts followed 
by calcination at 538°C irn air. The presence of organic cations in: 
the forming solution may rnot be absolutely essential to the 
formation of this type of zeolite. More generally, it is desirable: 
to activate this type zeoilite by base exchange with ammonium salts 
followed by calcination im air at 538°C for from 15 minutes to 24 
hours. 

Natural zeolites; may sometimes be converted to this type olf 
zeolite of various activattion procedures and other treatments such 
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space, however, seems to be important as the locus of catalytic 
activity. 

Crystal framewoirk densities of some typical zeolites are: 





Void 


Framework 


Zeolite 


Volume 


Density 


Ferrierite 


0.28 cc/cc 


1.76 g/cc 


Mordenite 


.28 


1.7 


ZSM-5, -11 


.29 


1.79 


Dachiardlte 


.32 


1.72 


L 


.32 


1.61 


Clinoptilolitbe. 


.34 


1.71 


Laumontite .. 


.34 


1.77 


ZSM-4 (Omega)) 


.38 


1.65 


Heulandite 


.39 


1.69 


P 


.41 


1.57 


Offietite 


.40 


1.55 


Levynite 


.40 


1.54 


Qnelinite 


.44 


1.46 


Chabazlte 


.47 


. 1.45 


A 


.5 


1.3 


Y 


.48 


1.27 



In the process of the present invention, the starting 
aromatic compound (s) and the alkylating agent are contacted with thne 
catalyst in an alkylatiom zone maintained at elevated temperature, 
for example* from 180 to #50°C, and preferably from 210 to 400°C. 
Pressure within the alkyllation zone can vary widely and pressures cof 
the order of from atomosppheric to 10,000 kPa, advantageously from 
600 to 6,000 kPa generallly provide good results. The amount of 
catalyst required can alsso vary and for practical rates of 
conversion, will ordinariily be sufficient to provide a gas hourly 
space velocity (GHSV) at standard temperature and pressure (STP) ofF 
from 30 to 10,000 and preferably from 100 to 3,000. It is preferred 
to use a stoichiometric excess of aromatic compound(s) compared to 
the carbon oxide(s) content of the alkylating agent in order to 
ensure maximum consumption of the latter. Preferred mole ratios ofT 
aromatic compoumdCs) to ccarbon oxide(s) are from 0.1 to 20, more 
preferably from 0.2 to 5.. 

The heterogemeous catalyst can be used as a fixed bed cor 
a fluidized bed, or a lioquid slurry reactor may be used. The 
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product streeam containing the alkyl aromatic mixture, unre acted 
gases and stteam can be cooled and the hydrocarbons recovered by any 
known technique. The recovered alkyl aromatics can bee further 
separated b>y distillation or other means to provide relatively pure 
alkyl aromattics. 

The following Exanple illustrates the invention. 
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EXAMPLE 

Benzene was rreacted with syngas under the conditions anod 
with the results indicateed below. 

Temperature, - ,0 C 315 

Pressure, kPai 2533 

Catalyst Fe-K-Cu»/HZSM-5 

Volume ratio i.of hydrogen to 

carbon mowioxide 0.68 

Mole ratio of* benzene to 

carbon moonoxide 0.6 

GHSV 630 

Total syngas (conversion, mole % 97 

Trapping efficiency**, % 58 

Alkylaromatic:s distribution wt. X 

Ethylbenzcene 6 

Propylberozenes 47 

Butylbenzcenes 25 

Pentylbenazenes 12 

Hexylbenzcene 5 

Other (metthyl aromatics) 5 

100 



* Fe 65%] K 10.31%; Cu 0.31X, coprecipitated. 

** Percentage! of hydrocarbons produced from syngas but 
subsequently converted tot the alkyl groups of alkylaromatics by 
reacting with benzene. 

As described i above, the alkylaromatic product stream 
resulting from the processs of the invention, with or without being 
separated into its individual components or a plurality of 
fractions, can be subjectted to dealkylation in accordance with knowm 
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and conventional procedures, to provide olefin. The ideelkylated 
aromatic cam thereafter be recycled to the alkylationi zone to trap 
additional (quantities of hydrocarbons in the form of ialkyl groups. 
In general, dealkylation may be carried out employing i acidic 
catalysts, for example silica, silica-alumina, magnesJia and 
zeolites, att a temperature of from about 400 to about 650°C, 
preferably Ifrom about 450 to about 600° C, and a pressuure of from 
about 100 tco about 2,000 kPa, preferably from about 2CD0 to about 
1,000 kPa. Hydrogen is preferably present in the deattkylation zone 
in order to increase catalyst stability. 
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CLAIMS: 

1. A process for i alkylating an aromatic compound 
which comprises reacting at: least one aromatic compound having at 
least one hydrogen atom dircectly bonded to the aromatic nucleus witm 
an alkylating agent comprising a mixture of hydrogen and/or a 
hydrogen-containing substarnce which provides hydrogen under the 
process conditions, and a c:arbon oxide, at an elevated temperature 
in the presence of a catalyst comprising a metal or metal-containing 
component selected from iroon, cobalt, ruthenium, manganese, rhodium 
and osmium, and a zeolite hiaving a Constraint Index of not more tham 
12, and recovering a produc:t comprising an aromatic compound having 
at least one more alkyl grojup of at least two carbon atoms than the 
starting aromatic compound,. 

2. A process according to claim 1, wherein the starting 
aromatic compound is benzeme. 

3. A process accosrding to claim 1 or claim 2, wherein the: 
alkylating agent is a gaseoDus mixture of hydrogen and carbon 
monoxide. 

4. A process accoording to any one of claims 1 to 3, 
wherein the metal or metal— containing component is iron, cobalt or 
ruthenium. 

5. A process according to any one of claims 1 to 4, 
wherein the zeolite is ZSM— 5* 

6. A process accccirding to any one of claims 1 to 5, 
wherein the product aromatoic compound is subjected to dealkylation 
to provide olefin and the starting aromatic compound, the latter 
being separated from the oJlefin and recycled to the alkylation 
reaction. 
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